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Why QEC?

* Physical error rates in experiment: ~10-4
* Logical error rates required for algorithms: ~10-1°
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Why QEC?

* Physical error rates in experiment: ~10-4
* Logical error rates required for algorithms: ~10-1°
* QEC allows us to close the gap
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Undetected Error Probability, a Closer Examination
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Undetected Error Probability, a Closer Examination

Undetected Error Probability, a(p)e(p)

Undetected Error Probability vs [H)-error Probability

0.07 + = Analytic Prediction L

0.06 A

0.05 1

—— }r:x f#

®X Numerically Sampled -

T T
0.01 0.02 0.03 0.04 0.05 0.06 0.07
|H}-ermror Probability

More on this later

10



Recall Research Question and Outline

Logical circuit with
effective error channels

4

Fully encoded circuit
with base code

11



Recall Research Question and Outline

Logical circuit with
effective error channels

4

Fully encoded circuit
with base code

Logical circuit

Encoding our logical circuit

. Constructing our effective

error channels

11



Recall Research Question and Outline

Logical circuit with
effective error channels

4

Fully encoded circuit
with base code

L egieateire:

2. Encoding our logical circuit

3. Constructing our effective
error channels

11



Recall Research Question and Outline

Logical circuit with
effective error channels

4

Fully encoded circuit
with base code

L egieateire:

2. Encoding our logical circuit

3. Constructing our effective
error channels

11



Recall Research Question and Outline

Logical circuit with
effective error channels

4

Fully encoded circuit
with STEANE CODE

L egieateire:

2. Encoding our logical circuit

3. Constructing our effective
error channels

11



Steane-encoding

e The Steane Code

* Detects and corrects all weight-1 errors
* All Clifford gates can be implemented transversally

Sxo = XoX1X2X3
Sz0 = ZoZ12,Z3

Sx2 = X3X3X5X¢
Szo = ZylsZsZs
6
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Sxo = XoX1X2X3
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11. Effective Error Channels



Process Tomography:

A method to reconstruct a full error channel describing the
noise of a component under an arbitrary input state
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Logical Injection Circuit Tomography
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Two-Qubit Process Tomography (thanks Aron)

Initial state | Final measurements Obtained probabilities
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i) X2, PY?(-)
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Effective Error Channels PER vs LER
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Effective Error Channels PER vs LER
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Applying Effective Error Channels to Logical Circuit
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Applying Effective Error Channels to Logical Circuit
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Undetected Error Probability for the Logical Circuit with
Circuit-level Noise (Perfect QEC and Initialization)
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Undetected Error Probability for the Logical Circuit with
Circuit-level Noise (Perfect QEC and Initialization)
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Undetected Error Probability for the Logical Circuit with
Circuit-level Noise (Perfect QEC and Initialization)
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Undetected Error Probability for the Logical Circuit with
Circuit-level Noise (Perfect QEC and Initialization)
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Undetected Error Probability for the Logical Circuit with
Circuit-level Noise (Perfect QEC and Initialization)
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Undetected Error Probability for the Logical Circuit with
Circuit-level Noise (Perfect QEC and Initialization)

Undetected Error Probability vs |H)-error Probability
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Simulating Fully-Encoded Circuit for Comparison?
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Simulating Fully-Encoded Circuit for Comparison?

Qiskit’s “extended_stabilizer”
Simulation of Logical circuit \/ simulator

with effective error channels . .
 Computation scales with the
number of non-Cliffords

?
T Problem:

* The simulator does not support
classically-conditioned
operations mid-circuit

Simulation of fully encoded
circuit with Steane code

N
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Simulating Fully-Encoded Circuit for Comparison?

Can we track the necessary recovery operations through the circuit?
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Simulating Fully-Encoded Circuit for Comparison?

Can we track the necessary recovery operations through the circuit?
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Other things:

somehow modify the injection circuit so that it only contains a Pauli correction?

somehow use the algorithmic fault tolerance discussed by Luis in journal club?
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Final Outlook

* Optimize code, take more shots when defining EECs for small PER

* Relax current assumptions
* E.g., perfect stabilizer measurements, perfect initializations

* Further investigate ways to simulate the full Steane-encoded
distillation circuit

* Orlimit scope of question? Just simulate injection circuit for comparison?
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